. Genitalia can be particularly useful in differentiating closely related species when overall body morphology is highly conserved. (Keogh 1999) . In squamates, male genitalia consist of a pair of blind-ended tubular structures known as hemipenes. Among different species, hemipenes may vary in size, shape and aspects of ornamentation (Dowling and Savage 1960) . In some groups hemipenial morphology is conservative (Klaver and Böhme 1986; Keogh 1999) , while in others it displays significant intraspecific variation (Zaher and Prudente 1999; Köhler 2009; Nunes et al. 2012) . The study of hemipenial morphology has provided important insights in the systematics of squamate reptiles, elucidating questions about species identification and phylogenetic relationships (Dowling and Savage 1960; Böhme 1991; Böhme and Ziegler 1997; Keogh 1999; Köhler et al. 2012 ). In addition, as it is directly involved in the copulation process, modifications in its morphology may result in reproductive isolation (Arnold 1986; Köhler and Sunyer 2008; Köhler 2009; Nunes et al. 2012) . Among lizards, hemipenial characters are most studied for members of the families Agamidae, Chamaleonidae, Dactyloidae, Gymnophtalmidae, Lacertidae, and Varanidae (Arnold 1973 (Arnold , 1986 Köhler and Veselý 2007; Böhme and Ziegler 2008; Rodrigues et al. 2008; Myers et al. 2009 , Nunes et al. 2012 Maduwage and Silva 2012; Nunes et al. 2014 ). In the last decade, anole hemipenes have gained more attention, thanks to the work of G. Köhler and colleagues with mainland Central American species. These authors found several cases of geographically separated populations of putative closely related species with very distinct hemipenial morphology -usually a large and bilobate organ in one population D r a f t 4 contrasting with a smaller and unilobate one in the other population (Köhler et al. 2010; Köhler et al. 2012) . Some of these studies revealed the importance of hemipenis in identifying cryptic diversity and helping to elucidate the taxonomy at species level (e.g., Köhler and Sunyer 2008; Köhler and Veselý 2010) . Klaczko et al. (2015) showed that anole hemipenial morphology evolved six times faster than other non-genital morphological traits, and therefore can be directly related to reproductive isolation and the speciation process. On the other hand, in spite of such high variability between closely related species, Böhme and Ziegler (2008) showed that, at least for some groups of lizards, genital morphological characters are more informative than external characters for recovering phylogenetic relationships, once it is subject only to sexual selection.
Since there is much convergence in external features of anoline lizards, the description of hemipenial morphology is especially useful as an effort to provide additional phylogenetic characters for investigating their relationships. With that in view, we present a detailed description of hemipenial morphology of three Dactyloa and ten Norops species occurring in South America.
MATERIAL AND METHODS
We examined the hemipenes of 13 anole species occurring in South America: Dactyloa punctata (Daudin 1802), D. phyllorhina (Myers and Carvalho 1945) were based on photos of a hemipenis prepared by the late Gabriel Skuk. For hemipenis preparation, we followed a combination of techniques described in Pesantes (1994) , Keogh (1999) , Myers and Cadle (2003), and Zaher and Prudente (2003) . To minimize possible variation caused by the eversion process, only partially or totally everted hemipenes were prepared, irrespective of being the right or left hemipenis. Once the preserved specimen was selected, one of the hemipenes was removed through a small incision at the base of the tail. In general, anole hemipenes have a very thin skin and to avoid possible damages, KOH 2% was used only when the specimen was too old or when the lobes could not be totally everted with hot water. To allow a better visualization of ornamentation structures, the fully everted hemipenis was filled with colored vaseline with the aid of a syringe with a sanded tip needle, to avoid damages to the hemipenis skin, and was subsequently conserved in 70% ethanol. We obtained digital images of hemipenes in sulcate, asulcate, and lateral views. For the smallest hemipenes we used a JVC camera KYF75U attached to a stereomicroscope, with the aid of Auto-Montage Pro 5.02; all other hemipenes were photographed using a Nikon D90, macro lens of 105 mm.
Basic hemipenial terminology follows Klaver and Böhme (1986) . We refer to a 'nude disk' when the lobes terminate in a flat and naked disk delimited by raised sulcal lips (Keogh, 1999) , while if a 'naked area' is mentioned, no raised sulcal lips are present.
We adopt the term 'flounces' in reference to widely spaced, irregular and nonoverlapping folds (Savage, 1997) . Descriptions of hemipenes of some anole species mention the presence of an asulcate process (e.g., Köhler et al. 2007; Sunyer et al. 2008; Köhler and Smith, 2008; Köhler and Sunyer, 2008) . In the present study, we differentiate two structures that may be present on the asulcate surface: a fleshy D r a f t 6 projection that expands outward from the lobular crotch or bends toward the truncus; and a skin ridge (sensu Keogh, 1999) formed by a series of raised fleshy tissue. 
RESULTS

NOROPS SPECIES:
Norops auratus ( Figure 2D Sulcus spermaticus deep and bifurcated, with well-developed sulcal lips that become thicker at the lobes. It opens into a round naked disk that extends laterally from the base of the lobes to almost the apex. Lobes densely calyculate outside the naked disk; separated by a large, naked, triangular expansion that pushes them to the sides, giving the hemipenes a 'T' shape. An extension of this expansion, with wrinkled surface, projects shortly towards the truncus and is followed by a medial and shallow skin ridge that extends towards the hemipenial base. A thin skin pleat extends from the basal region of the hemipenes to the base of the lobes laterally, demarcating the asulcate and sulcate surfaces. Truncus covered with flounces.
Norops trachyderma ( Figure 2N Köhler and Veselý, 2010). In a variety of studies, divergent hemipenial morphology was the starting point for systematic revisions and/or species description (Köhler 2009 (Köhler , 2010 (Köhler , 2011 . In the present work, we show that intergeneric and interspecific hemipenial variation in South American anoles is high, with considerable differences in hemipenial shape and ornamentation.
South American anoles do not form a monophyletic group and the same applies to the South American radiation of Norops, which has their closest relatives in Central America / West Indies (Nicholson et al. 2012 ). An exception is the Norops chrysolepis species group, which evolved in South America. D 'Angiolella et al. (2011) revisited the taxonomy of the group, using both morphology and molecular characters. The hemipenial morphology variation is concordant with their recovered molecular phylogeny for this group, with closely related species presenting similar hemipenes. In addition, N. meridionalis shares with N. tandai and N. chrysolepis the presence of a thin skin pleat demarcating the asulcate and sulcate surfaces on truncus. Vanzolini and Williams (1970) , on basis of morphology and habitat use (respectively grassland and forest), considered N. meridionalis as only superficially similar to the chrysolepis D r a f t 13 group. Molecular studies, however, recovered N. meridionalis within this group, sister to N. tandai and N. chrysolepis (Nicholson et al. 2006; D'Angiolella et al. 2011) . Even though this relationship received weak support in both studies, our results corroborate it. Böhme and Ziegler (2008) found high levels of coincidence between molecular-genetic phylogenies and phylogenetic hypotheses proposed on basis of hemipenial morphology, and attributed this to the fact that genital morphology seems to be only subject to sexual selection, not being affected by environmental selective pressures. In the case of N. meridionalis, its divergent morphology might be related to its ecological adaptation as a grassland dweller, while hemipenial characters were not affected by such environmental selection, retaining the phylogenetic signal.
With the present study, we were able to observe that the most conspicuous feature of the anole hemipenes studied is the presence of asulcate processes, either as fleshy projections or as a skin ridge. This structure varied among the species in relation to form, extension, development and ornamentation, suggesting it may be an important character for systematic and taxonomic future analyses. 
